A novel plant-induced lysosomal storage disease was observed in goats from a village in Mozambique. Affected animals were ataxic, with head tremors and nystagmus. Because of a lack of suitable feed, the animals consumed an exotic hedge plant growing in the village that was identified as Ipomoea carnea (shrubby morning glory, Convolvulaceae). The toxicosis was reproduced by feeding I. carnea plant material to goats. In acute cases, histologic changes in the brain and spinal cord comprised widespread cytoplasmic vacuolation of neurons and glial cells in association with axonal spheroid formation. Ultrastructurally, cytoplasmic storage vacuoles in neurons were membrane bound and consistent with lysosomes. Cytoplasmic vacuolation was also found in neurons in the submucosal and mesenteric plexuses in the small intestine, in renal tubular epithelial cells, and in macrophage-phagocytic cells in the spleen and lymph nodes in acute cases. Residual alterations in the brain in chronic cases revealed predominantly cerebellar lesions characterized by loss of Purkinje neurons and gliosis of the Purkinje cell layer. Analysis of I. carnea plant material by gas chromatography-mass spectrometry established the presence of the mannosidase inhibitor swainsonine and 2 glycosidase inhibitors, calystegine B 2 and calystegine C 1 , consistent with a plant-induced ␣-mannosidosis in the goats. The described storage disorder is analogous to the lysosomal storage diseases induced by ingestion of locoweeds (Astragalus and Oxytropis) and poison peas (Swainsona).
Most lysosomal storage diseases are genetic disorders, 32 but a few are induced by the ingestion of toxic plants such as the locoweeds (Astragalus and Oxytropis spp.) from North America, South America, and China 36 and the poison peas (Swainsona spp.) found in Australia. 13, 15, 25 These plants belong to the family Fabaceae (Leguminosae) and contain the indolizidine alkaloid swainsonine, an inhibitor of lysosomal ␣mannosidase and mannosidase II. 12, 28 The action of swainsonine results in a lysosomal storage disorder that closely mimics ␣-mannosidosis, characterized by the accumulation of incompletely processed oligosaccharides rich in ␣-mannosyl and ␤-N-acetyl glucosamine moieties. 2, 12 Histologically, there are cytoplasmic vacuoles in cells of the nervous system and other tissues. Neurons, as is the case in most lysosomal storage diseases, are most consistently affected because they represent a postmitotic, permanent cell population. 32 Animals consuming these plants exhibit a variety of clinical signs, reflecting derangement of the nervous system in particular and of other tissues. Depression, rough hair coat, staggering gait, muscle tremors, ataxia, and nervousness, especially when stressed, may be seen. 19, 22, 25 Generally, these plants are grazed only during periods of food shortage, but some animals apparently develop a liking for them to such an extent that individuals selectively consume the plants despite the availability of other feed. 15, 19 A novel plant-induced lysosomal storage disease has been observed in goats feeding on Ipomoea carnea. The condition was reproduced experimentally, and swainsonine and 2 calystegine glycosidase inhibitors from the plant were isolated and identified.
Materials and methods

Description of outbreak
During the dry season (Jun-Sep) of 1993, a nervous condition was noted in local Landin goats in a village 35 km southwest of Maputo, Mozambique (32Њ25ЈE, 26Њ05ЈS). The village, Paulo Samuel Kankhomba, was founded in 1978 after independence of Mozambique from Portugal, and most of its initial inhabitants are former soldiers. At the time of the outbreak, all villagers were involved in small-scale subsistence farming. Like most villages in Mozambique, the houses were built of local material (reed, mud, and a few stones) and separated by hedges of growing plants. Very few people in the village kept cattle, but approximately 50 of 620 families kept goats. Because theft was a major problem in the village, goat rearers kept their animals in rudimentary pens at night. During the day, the animals were taken out by young boys to the field for grazing. Until the signing of the peace accord in October 1992, the ongoing civil war and the extent of land under cultivation restricted the grazing areas of the animals from the village.
The most prominent clinical signs in affected goats consisted of ataxia, head tremors, and nystagmus. Goats continued to eat until the progressive course of the nervous symptoms finally rendered the animals unable to walk and graze normally. Goats of all ages and both sexes were affected. Conflicting information was obtained about the course of the condition, but most animals apparently died within a few weeks of showing the first clinical signs. A questionnaire survey conducted in July 1994 among 25 of the goat farmers keeping a total of 295 goats indicated that approximately 10% of the animals had died because of this condition during the previous 12 mo. Cases had sporadically been observed as early as 1987, but a drastic increase in the number of affected animals occurred in 1992. Spontaneous recovery was occasionally reported.
Affected goats were observed consuming a plant grown as a hedge around the homesteads and pens ( Fig. 1 ). In the dry season, this plant was one of the few that maintained its leaves. After other probable local plant or mycotoxicoses such as poisoning by Solanum kwebense, Trachyandra spp., Cynanchum spp., Sarcostemma viminale, Aspergillus clavatus, and Phalaris 24 had been ruled out, the plant, identified as Ipomoea carnea was tested for its toxicity in goats.
Plant identification
Samples of the incriminated hedge plant were sent to the herbarium of the National Institute for Agricultural Research (INIA) in Maputo, Mozambique, for identification. Identification was confirmed by staff of the Botanical Research Institute, Pretoria, South Africa.
Identification of toxic principles
Plant material was collected from the village in December 1995 for isolation and identification of alkaloids. Dried, milled leaves (1.05 g) were soaked in methanol for 16 hr in a Soxhlet apparatus, a and the alkaloidal fraction was purified by ion-exchange chromatography on a 5-ϫ 0.5-cm column of Dowex 50W-X8 b (NH 4 ϩ form). 27 The 0.5% aqueous ammonium hydroxide eluate was evaporated to dryness to give the base fraction, containing alkaloids and basic amino acids, as a pale yellow, partially crystalline solid (18 mg; 1.7% yield). Portions of this material, which contained the alkaloidal constituents, were used for further analysis as required. The identity of alkaloids was established by gas chromatography-mass spectometric (GC-MS) analysis of the trimethylsilyl (TMSi) derivatives, prepared by treatment with N-methyl-Ntrimethylsilyl-trifluoroacetamide in pyridine at 60 C for 1 hr. 27, 30, 31 Analyses were performed on a GC-MS instrument c operating at 70 eV, an on-column injector, and a 60-m ϫ 0.32-mm inside diameter SE-30 fused silicon column. The column was programmed from 120 to 300 C at 10 C/min.
Field cases
Necropsies were performed on 3 affected goats (goats 1-3) from the village. Goat 1 was a 1-yr-old male, and goats 2 and 3 were females, 1.5-2 yr of age. They were kept at the Veterinary Faculty, Maputo, for 2 wk, 6 mo, and 1 yr, respectively, after the onset of clinical signs before being slaughtered and necropsied.
Experimental cases
Dosing trial. Fresh leaves of the incriminated plant were collected daily and fed to 4 healthy male goats (goats 4-7), 9-12 mo old, which had not been previously exposed to the plant. They were housed in separate pens on cement and observed on a daily basis. Prior to the trial, the goats were dewormed with ivermectin and weighed. Weighing was continued once weekly throughout the trial. Goats 4 and 5 were given 50 g plant material/kg body mass/day, and goats 6 and 7 received 25 g plant material/kg body mass/day. The goats also had free access to freshly cut grass and water and, only initially, to small amounts of the fodder tree Leucaena leucocephala.
Clinical pathology. Before dosing and once weekly during the course of the experiment, venous blood was collected and the following parameters were measured by routine methods: hemoglobin, hematocrit, total erythrocyte and leukocyte counts, differential leukocyte counts, concentrations of total serum proteins, blood urea nitrogen (BUN), creatinine, total bilirubin, and activities of alanine transaminase, alkaline phosphatase, aspartate transaminase (AST), creatine kinase, ␥-glutamyltransferase (GGT), and lactate dehydrogenase (LDH).
From each goat that was necropsied, the brain, spinal cord, a portion of the sciatic nerve, and samples of liver, kidney, spleen, lung, and myocardium were fixed in 10% formalin for light microscopy. In addition, samples of small intestine were collected from goats 4-6. The brains were serially sectioned, and blocks were prepared from levels cut at the olfactory tubercule and cortex, cerebral cortex, basal nuclei, thalamus, mesencephalon, pons, and medulla oblongata. Specimens were routinely processed and stained with hematoxylin and eosin (HE). For electron microscopy, for- malin-fixed specimens of cerebellum of goats 4 and 5 were postfixed in 2.5% glutaraldehyde. Semithin sections were stained with toluidine blue (TB) for tissue orientation, and ultrathin sections were viewed with a transmission electron microscope.
Results
Identification of plant
The plant ingested by the affected goats was identified as Ipomoea carnea Jacq. subsp. fistulosa (Mast.
ex Choisy) D. Austin belonging to the family Convolvulaceae. Commonly the plant is known as shrubby morning glory (Texas). A specimen originating from the village with the affected goats was deposited at the Herbarium of the INIA in Maputo (voucher 51806).
The plant is erect, densely leafed, and almost unbranched, growing as shrubs to 3 m high. The leaves are ovate to lanceolate, 10-25 cm long, with petioles 2-10 cm long. Flowers occur in clusters and are funnel shaped, deep pink to rose-purple, and 5-9 cm long. A full botanical description has been published. 5
Chemical investigation of Ipomoea carnea
Extraction of the milled leaves of I. carnea with methanol followed by ion-exchange chromatography gave the fraction containing alkaloids and basic amino acids. Analysis of the extract by capillary GC-MS of its TMSi derivative showed the presence of 2 major constituents at 13.90 (31%), and 15.94 (50%) minutes, a secondary component at 17.17 (7%) minutes, and 3 minor constituents at 14.20, 14.47, and 14.90 minutes, each of which comprised Յ4% of the total extract (Fig.  2 ). The later (15.94 minutes) major peak had a retention time (R t ) and mass spectrum identical in all respects to that of the tetra-TMSi derivative of a standard sample of calystegine B 2 (Fig. 3) , with a base peak at m/z 217 characteristic of compounds having 3 adjacent trimethylsilylated secondary hydroxyl groups. The secondary component (17.17 minutes) had a fragmen- tation pattern similar to that of calystegine B 2 but showed an ion at m/z 536, corresponding to loss of 15 amu from a molecular ion at m/z 551, indicating the presence of an additional trimethylsilylated hydroxyl group. The alkaloid is therefore a pentahydroxy calystegine, and comparison with an authentic standard showed it to have an identical R t to that of calystegine C 1 (Fig. 3) . The 3 minor constituents had mass spectra generally consistent with alkaloids of the calystegine type, but the signals were too weak for specific identification.
The earlier (13.90 minute) major peak did not correspond in R t to any of the TMSi derivatives of available calystegine standards. Moreover, the mass spectrum did not show fragments indicative of this class of compounds, and the molecular ion at m/z 389 and the base peak at m/z 185 were inconsistent with the nortropane structural type characteristic of all calystegines. The R t and fragmentation pattern did, however, correspond to those of the tri-TMSi derivative of swainsonine ( Fig. 3) , and GC-MS analysis of an authentic standard of this alkaloid confirmed the identity of this component of the extract with swainsonine.
The relative composition was determined as area percentage of the total ion current for the chromatogram in the 12-20-minute range.
Characterization of calystegine B 2 , calystegine C 1 , and swainsonine
The R t of the major component (15.94 minutes) was identical to that of the TMSi derivative of authentic calystegine B 2 . The mass spectrum of this peak also corresponded with that of tetra-TMSi calystegine B 2 , eims m/z [M] ϩ 463 (0.1), 448 (2), 373 (6), 284 (6), 259 (14) , 244 (12) , 229 (7) , 218 (20) , 217 (100), 170 (5), 156 (6) , and 147 (18) .
The secondary component peak at R t 17.17 minutes corresponded in both its R t and mass spectrum to penta-TMSi calystegine C 1 , with eims m/z [M-15] ϩ 536 (0.1), 461 (7), 347 (9), 332 (7), 317 (6), 291 (6), 258 (6), 244 (7), 218 (20) , 217 (100), and 147 (24) . 31 The other major component with R t 13.90 minutes was identical in its R t to tri-TMSi swainsonine, and its mass spectrum also corresponded with this compound, 
Field cases
Clinical signs. The 3 field cases (goats 1-3) showed head tremors and ataxia. Goat 2 also exhibited hyperaesthesia and high stepping gait, and goat 3 had nystagmus.
Pathology. Edema of the lumbar part of the spinal cord and congestion of meninges was noted in goat 1. Goat 2 had marked asymmetry and atrophy of the cerebellum. No significant gross lesions were observed in goat 3.
In Goat 1, neurons and glial cells in the brain and spinal cord were distended with numerous small, spherical intracytoplasmic vacuoles (Fig. 4) . Cytoplasmic vacuolation was present in the cerebral cortex, thalamus, brain stem, Purkinje cells in the cerebellum, and dorsal and ventral horn neurons in the spinal cord. The extent of the vacuolation in the cerebellum was best seen in semithin sections stained with TB ( Fig.  5 ). In addition to Purkinje neurons, some stellate neurons and Golgi neurons were also affected.
Eosinophilic, round, homogenous, occasionally finely granular axonal spheroids were conspicuous in the brain and spinal cord in areas of cytoplasmic vacuolation, often in close association with larger neurons. There were some large, fusiform torpedoes in the granular cell layer of the cerebellum, sometimes clearly originating from Purkinje cells ( Fig. 4 ). Other lesions in the brain of goat 1 comprised gliosis and capillary accentuation in the caudal colliculi and pronounced vacuolation of the white matter of the rostral caudate nucleus. Cytoplasmic vacuolation was also detected in renal tubular epithelial cells and in macrophage-phagocytic cells in the spleen and lymph nodes.
Histologic lesions in goats 2 and 3 were similar in nature but were more widespread in goat 3. In the cerebellum, there was degeneration and loss of Purkinje neurons, affecting most folia in goat 3 (Fig. 6 ). Some of the persisting Purkinje neurons were shrunken and possessed condensed cytoplasm and hyperchromatic nuclei. In areas of Purkinje cell loss, there was vacuolation and gliosis of the Purkinje cell layer and proliferation of astrocytes in the molecular layer associated with capillary accentuation and endothelial cell hyperplasia (Fig. 6 ). In the most severely affected folia, the granular layer had decreased cellularity. Cytoplasmic vacuolation of neurons and glial cells was rarely observed in sections stained with HE, and few axonal spheroids were present.
Accumulations of small amounts of yellowish green to yellowish brown finely granular pigment interpreted to be lipofuscin in the cytoplasm of glial cells and apparently free-lying in the neuropil associated with mild gliosis were noticed in some brain stem nuclei in goats 2 and 3. Macrophage-phagocytic cells in the spleen of goat 2 were vacuolated.
Experimental cases
Feeding trial and clinical signs. Initially, all 4 experimental animals (goats 4-7) were reluctant to eat plant material. Goat 7 was excluded from the trial because no plant was consumed even after periods of fasting. Goat 5 ate only petioles and stems; therefore, the daily dose was exclusively provided in the form of petioles and stems detached from the leaves, which were readily consumed from week 2 onwards.
After the first week of the feeding trial, weight losses were registered as animals were given reduced amounts of other food sources to encourage the intake of I. carnea. Goat 4 consumed most of the leaves provided after the first 3 days. Just prior to the initiation of central nervous system signs, the animal reduced its intake of I. carnea leaves. Slow movements were observed from day 39, and head tremors, a high stepping gait, and ataxia were observed from day 56 onwards. Nystagmus was evident only day 68 only. Goat 4 was euthanized on day 72.
Goat 5 exhibited head shaking from day 54 and progressive weakness from day 59. After an episode of diarrhea, the animal became bloated and died on day 74 while attempts were made to pass a stomach tube.
Abnormal behavior characterized by hyperaesthesia, pica, and upward movements of the head was noted in goat 6 from day 78. The animal only started to consume a portion of the I. carnea leaves from day 49, but all of the leaves were consumed after day 65. The animal developed diarrhea, became emaciated, and died on day 89 of the experiment.
Pathology. Goat 6 showed minor changes in hemoglobin and hematocrit values. In goats 4-6, there were fluctuations of AST levels during the trial. In addition, a slight increase of LDH and a 10-fold increase of CK during the last weeks of the feeding trial occurred in Goat 4. BUN and creatinine levels remained normal for goat 5, but levels of BUN increased for goats 4 and 6 before considerable amounts of plant material had been consumed. The total protein content of the blood fluctuated in all the experimental goats. The lowest level was registered for goat 6 with 53 g/ liter (normal range, 64-78 g/liter) towards the end of the experiment. The other parameters remained within normal limits.
Gross lesions in Goat 4 comprised moderate hydropericardium, slight edema of the spinal cord, and meningeal congestion. In goats 5 and 6, mild brain edema was present.
Goats 4-6 showed cytoplasmic vacuolation in neuronal and glial cells and axonal spheroids in the nervous system similar to those described in goat 1. Pronounced status spongiosis of the optic tract was observed in goat 5. Vacuolation of neurons in the submucosal and mesenteric plexuses in the small intestine and in tubular epithelial cells in the kidney was also noted in these cases.
Electron microscopy. Ultrastructurally, the vacuoles were membrane bound, containing amorphous membranous fragments or small amounts of granular material within an electron-lucent background (Fig. 7) . 
Discussion
Ipomoea carnea is a plant of tropical American origin; nevertheless, 1 subspecies is now pantropical. Ipomoea carnea subsp. carnea seems to be confined to its natural distribution, from Peru to Mexico, and I. carnea subsp. fistulosa has its natural distribution from Argentina to Florida and Texas and has been introduced to the tropics of the Eastern Hemisphere and Hawaii, where it has often escaped from cultivation. 6 In southern Africa it is found in Zimbabwe, Mozambique, and South Africa 6 and in Zambia and Malawi. 17 Ipomoea carnea flowers throughout the year. Ipomoea carnea subsp. carnea prefers dry habitats, whereas I. carnea subsp. fistulosa prefers wet habitats. In southern Africa, I. carnea subsp. fistulosa is cultivated as an ornamental and in hedges and windbreaks and often occurs as culture relics and escapes from cultivation. It can become established in disturbed areas, such as along roadsides, and to a limited extent in grassland, along river banks, and in other moist areas.
Earlier reports of I. carnea poisoning came from Sudan and India, 21, 35 and toxicity in livestock after the consumption of I. crassicaulis (ϭI. carnea) 8, 16 has been diagnosed in Karawag, Indonesia. 7 Although the toxicity of the plant and its effects on the nervous system have been reported by these and other authors, a detailed histopathologic examination of the nervous system was either inconclusive or not done, 10, 16, 21, 34, 35 and the toxic principle(s) and mechanism of intoxication was not determined.
In feeding trials with I. carnea in ruminants, elevations in levels of AST and arginase suggested that the nervous signs were a consequence of hepatic damage rather than primary involvement of the brain and spinal cord. 1, 10 In the present study, AST levels in the experimental goats could not be related to hepatic le-sions, but a 10-fold increase in CK levels was demonstrated in goat 4, which developed the most apparent central nervous system signs.
Cytoplasmic vacuolation in cells in the nervous system, particularly neurons, and in other tissues in animals with I. carnea poisoning are consistent with a lysosomal storage disorder. These histologic changes closely resemble those of the storage diseases induced in livestock by ingestion of locoweeds (Astralagus and Oxytropis) 36, 37 and poison peas (Swainsona). 13, 20, 25 In these disorders, storage vacuoles in routinely prepared histologic sections are empty, reflecting the solubility of the undigested metabolites in water or organic solvents used in paraffin embedment. However, granular or membranous remnants may be detected in the vacuoles with electron microscopy. 38 Spheroids, representing swollen axons, and torpedoes, which are enlargements of the proximal segments of Purkinje axons, have also been described in locoweed and Swainsona poisoning. 18, 19, 23, 25, 36, 38 Clinical signs of acute and chronic I. carnea poisoning probably reflect impairment of tissues affected by vacuolar lesions, particularly nervous tissue, and range from general depression and ruminal and digestive disorders to staggering gait, reluctance to move, abduction and weakness of the hind limbs, general weakness, tremors, dullness, incoordination, posterior paresis and paralysis, diarrhea, lacrimation, nasal discharge, and pallor of visible mucous membranes. 10, 16, 21, 33, 35 Hyperaesthesia, head tremors, and nystagmus were observed in some of the affected goats.
Clinical recovery in the plant-induced lysosomal storage diseases may occur after animals are withdrawn from the toxic plants 19 and is probably related to the disappearance of neuronal cytoplasmic vacuolation, axonal dystrophy, and meganeurites upon disease reversal. 20 Reversal of clinical signs will probably occur when exposure to the toxic plant was brief or in animals in the early stages of intoxication. In goats necropsied 6 months and 1 year after the onset of clinical signs of I. carnea poisoning, neuronal cytoplasmic vacuolation was uncommon, and only a few spheroids and no significant loss of neurons in the cerebrum or spinal cord were detected. Residual nervous lesions in these goats were, however, conspicuous in the cerebellum and included degeneration, atrophy, and loss of Purkinje cells and gliosis of the Purkinje cell layer. These findings are in agreement with previous observations suggesting that Purkinje cells are particularly vulnerable to injury in ␣-mannosidosis. 35 The cerebellar lesions combined with ectopic neurite growth and persistence of associated synapses probably account for the irreversible symptoms of toxicity in some chronic cases. 38 Pigmentation in certain brain areas was also noted in chronic cases of Swainsona toxicity. 18, 38 The identification of swainsonine and calystegines B 2 and C 1 as the biologically active substances in I. carnea provided further evidence of a lysosomal storage disorder in the goats. Swainsonine is a potent, reversible inhibitor of ␣-mannosidase and is present in locoweeds (Astragalus and Oxytropis) and Swainsona species, 9, 28 all of which are members of the plant family Leguminosae. Swainsonine toxicosis is thus analogous to heritable ␣-mannosidosis, which has been described in Angus, Galloway, and Murray Grey cattle and in Persian and mixed-breed cats. 32 Calystegines B 2 and C 1 are also powerful glycosidase inhibitors, affecting ␤-glucosidase and ␣and ␤-galactosidase. 4, 31 Inhibition of ␣and ␤-galactosidase would produce phenocopies of the human genetic lysosomal storage defects Gaucher's disease and Fabry's disease, respectively. 11 Significant indicators of these conditions are epileptiform seizures and vacuolation of Purkinje cells.
Calystegines have so far been identified in members of the plant families Convolvulaceae, Solanaceae, and Moraceae. Their cooccurrence with swainsonine has previously been reported only in 2 Ipomoea species of very limited distribution in Australia, Ipomoea sp. Q6 [aff. calobra] (Weir vine) and I. polpha. Weir vine has been associated with induction of a lysosomal storage disease in livestock. 30 Although this analysis did not permit an accurate quantitative measurement of the alkaloid content in the I. carnea sample, the GC-MS detector response was comparable to that observed for the Australian samples, indicating a combined level of calystegines and swainsonine of ca. 0.1%. It has been estimated that locoweeds containing at least 0.001% swainsonine are capable of producing neurologic damage if consumed regularly over a sufficient period of time 29 ; the content in I. carnea is therefore far in excess of the level necessary to induce poisoning. The exceptional potency of swainsonine as an ␣-mannosidase inhibitor does not require high levels for toxicity to occur; rather, the length of the grazing period is highly significant because continuous suppression of enzyme activity will lead to the cellular vacuolation characteristic of the poisoning. 29 Except for a single outbreak of a fatal posterior paralysis in exotic goats in Tanzania, 26 there have been no reports of the toxicity of I. carnea from eastern and southern Africa. 24, 39 Ipomoea carnea is known to have been planted in Zambia, Zimbabwe, Malawi, and Mozambique, 17 and it appears to be widely distributed in southern Africa, especially in the southern part of Mozambique. A few other toxic Ipomoea species are known. Ipomoea batatas, damaged by various fungi or chemicals, produces stress metabolites of the 3-substi-tuted furan type, causing mouldy sweet potato poisoning, a condition similar to acute bovine pulmonary edema and emphysema. 40 Ipomoea violacea, whose seeds together with certain other morning glories contain derivatives of lysergic acid diethylamide, has hallucinogenic effects in humans. 14 This species does not occur in southern Mozambique. 3 Although I. carnea is widely distributed in southern Mozambique, the circumstances that prevailed in the specific area at the time of the outbreak, especially the ongoing civil war and the drought, had restricted the grazing area. Goats were most likely forced to consume plants in the village that were otherwise not browsed, including I. carnea. Nevertheless, after the drought was over, goats showing central nervous symptoms still continued consuming I. carnea. These observations suggest that once the goats were forced to eat the plant, some developed a liking for the plant, consuming it even after other food sources became available, as has been observed for Swainsona. 15, 19 After confirming the toxicity of the plant, the villagers and extension workers were informed about the potential danger of I. carnea. Many hedges of I. carnea were then removed from the village, resulting in a drastic decrease in the number of new poisoning cases.
